Plasma concentrations of atrial natriuretic factor were determined by radioimmunoassay in 16 human fetuses of between 19 and 38 weeks' gestation. Fifteen fetuses had varying degrees of anaemia as a result of Rh isoimmunisation, and one fetus was normal. Eight fetuses had ultrasonographic evidence of severe hydrops fetalis and an additional three fetuses had mild hydrops. Severely hydropic fetuses were more anaemic and immature than those with mild or no hydrops. Among fetuses from which samples were taken before in utero transfusion, concentrations of atrial natriuretic factor were higher in those with severe hydrops than in the other groups. An inverse relationship between the haemoglobin concentration and that of atrial natriuretic factor was found. In four fetuses in which severe hydrops resolved after intravascular transfusions in utero, there were significant decreases in plasma atrial natriuretic factor concentrations; in the fifth fetus the decrease was less pronounced.
Several investigators have shown that human and animal fetuses synthesise and secrete atrial natriuretic factor into the circulation in response to various stimuli. [1] [2] [3] Receptors for atrial natriuretic factor have been found in normal human and sheep placentas, which suggests that this peptide has a role in fetal fluid and electrolyte homoeostasis.' 5 In sheep, concentrations of atrial natriuretic factor are higher in lamb fetuses than in the ewes,6 7 and non-immune fetal hydrops caused by atrial pacing increased circulating concentrations of atrial natriuretic factor.7 Robillard and Weiner recently reported that acute volume expansion in human fetuses with immune haemolytic anaemia also resulted in increased concentrations of atrial natriuretic factor.' In their study the highest concentration was in a fetus with severe anaemia and hydrops, and the concentrations decreased as the hydrops resolved. We have also reported similar preliminary findings. 8 The objectives of this study were to determine whether human fetuses with varying degrees of hydrops fetalis and anaemia as a result of Rh isoimmunisation have increased concentrations of atrial natriuretic factor, and if those concentrations change after resolution of the hydrops by intravascular utero.9 transfusion in Material and methods Umbilical venous blood samples were obtained from human fetuses about to undergo intravascular exchange transfusion in utero for severe anaemia caused by Rh isoimmunisation. This was done using an ultrasound guided percutaneous needle as previously described.9 All samples were taken before the start of the transfusion. Packed cell volume and haemoglobin concentration were measured with an automated cell counter.
Blood samples for plasma atrial natriuretic factor concentrations were collected in polypropylene tubes with heparin (1000 U/ml) and aprotinin (20 KIU/ml). After centrifugation plasma samples were stored at -80°C until analysis. Plasma atrial natriuretic factor concentrations were measured by radioimmunoassay (Peninsula Laboratories) using a previously described method.10 The interassay variability was 12-7% and intra-assay variation 6-1%. The recovery in all assays was over 80%.
Assessment of gestational age was based on last menstrual period and early ultrasound examination. Hydrops fetalis was diagnosed by ultrasound and was graded as follows: (i) absent, no evidence of ascites, pleural or pericardial effusion, or subcutaneous oedema; (ii) mild, a small amount of fluid in only one place (usually ascites); and (iii) severe, large amount of fluid in two or more places.
Statistical analysis was by one way and repeated measures analysis of variance (ANOVA), the Mann-Whitney U test and linear regression. When the data were skewed, they were analysed after logarithmic transformation. A probability of <0 05 was considered significant. All values are expressed as mean (SD).
Results
The study population comprised 15 fetuses with Rh isoimmunisation and one normal fetus who had samples taken at 38 weeks' gestation for determination of platelet count because of maternal immune thrombocytopenia. This fetus was normal on physical examination, and had a normal platelet count at delivery; the data were used not as a control but rather as an approximation of atrial natriuretic factor concentrations associated with normal haemoglobin concentrations. Blood was obtained from nine fetuses before they had received any transfusion in utero, whereas the other seven had had one or more transfusions in the weeks before samples were taken. Eleven fetuses had ultrasonographic evidence of hydrops, and in eight of them it was severe (table). The remaining fetuses had no evidence of hydrops. Those with mild or no hydrops were more mature than those in which it was severe (p<001 by one way ANOVA). All fetuses with Rh isoimmunisation had packed cell volumes of less than 0 34 and haemoglobin concentrations below 110 g/l. Those fetuses with evidence of severe hydrops were significantly more anaemic than those in the oth-er groups (p<0-01, one way ANOVA). Most fetuses with severe hydrops had higher concentrations of atrial natriuretic factor than fetuses with either no or mild hydrops, but because of the large variability this difference was not significant (p=0-1, Mann-Whitney test). When only the atrial natriuretic factor concentrations of fetuses from whom samples were taken before they received any transfusion in utero were analysed, however, those with severe hydrops (n=6) had significantly higher concentrations (755 2 (1030-6) pg/ml, range 126-2796) than fetuses with no or mild (n=3) hydrops (70 9 (45-8) pg/ml, range 39-9-123-6) (p<0O05, Mann-Whitney U test).
An inverse relationship was found between haemoglobin and atrial natriuretic factor concentrations by using linear regression after logarithmic transformation (y=2-68-9-85e-2x, p<G.02) (fig 1) . This association was also present when the analysis included only atrial natriuretic factor concentrations in samples taken before exchange transfusion in utero (y=2-88-9-58e-2x, r2=0 51, p<0.05). Five fetuses with severe hydrops were followed up serially. All showed complete resolution of both hydrops and severe anaemia after between two and five exchange transfusions in utero. In these fetuses the haemoglobin concentration increased from 34 (19) (27) caused by Rh isoimmunisation. 
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